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 1 

April 12, 2013  2 

 3 

 4 

EPA-HSRB-13-01  5 

 6 

 7 

Glenn Paulson, PhD  8 

EPA Science Advisor  9 

Office of the Science Advisor  10 

1200 Pennsylvania Avenue, NW  11 

Washington, DC 20460  12 

 13 

 14 

Subject: January 17, 2013 EPA Human Studies Review Board Meeting Report  15 

 16 

 17 

Dear Dr. Paulson, 18 

 19 

The United States Environmental Protection Agency (EPA or Agency) requested that the 20 

Human Studies Review Board (HSRB) provide scientific and ethics reviews of one completed 21 

study involving intentional exposure of human subjects to pesticides; specifically, a study of the 22 

Antimicrobial Exposure Assessment Task Force II (AEATF) scenario to determine dermal and 23 

inhalation exposures associated with the manual pouring of liquid antimicrobial products (AEA-24 

05). 25 

 26 

  The enclosed report provides the Board’s response to the three EPA charge questions 27 

presented at the January 17, 2013 meeting. 28 

 29 

A completed study report from the Antimicrobial Exposure Assessment Task Force II 30 

(AEATF) in which the dermal and inhalation exposure of professional janitorial workers 31 

was monitored as they poured liquid antimicrobial pesticide products from conventional or 32 

reduced-splash containers into different sizes and types of receiving containers. 33 
 34 

Science 35 

 36 

 The Board agreed with the Agency’s conclusion that the completed liquid pour study was 37 

conducted in a manner faithful to the design and objectives of the amended protocol and 38 

governing documents of AEATF. 39 

 The Board determined that the Agency identified and adequately characterized some, not 40 

all, of the limitations that should be considered when using the data in estimating the 41 

exposure of people who pour liquid antimicrobial pesticide products.  Additional 42 

limitations, statistical analyses, and technical recommendations merit attention before the 43 

data are used in exposure algorithms for estimating human exposures.  44 
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 45 

 46 

 47 

 48 

Ethics  49 

 50 

 The Board concurred with the Agency’s assessment (Leighton, Cohen, October, 9 2012; 51 

Sherman, October, 9 2012) that the proposed research is likely to meet the applicable 52 

requirements of 40 CFR part 26, subparts K and L. 53 

 54 

Sincerely, 55 

 56 

 57 

 58 

Rebecca T. Parkin, PhD, MPH 59 

Chair  60 

EPA Human Studies Review Board 61 
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NOTICE 62 

 63 

This report has been written as part of the activities of the EPA Human Studies Review 64 

Board, a Federal advisory committee providing advice, information and recommendations on 65 

issues related to scientific and ethical aspects of human subjects research. This report has not 66 

been reviewed for approval by the Agency and, hence, the contents of this report do not 67 

necessarily represent the view and policies of the Environmental Protection Agency, nor of other 68 

agencies in the Executive Branch of the Federal government, nor does the mention of trade 69 

names or commercial products constitute a recommendation for use. You may obtain further 70 

information about the EPA Human Studies Review Board from its website at 71 

http://www.epa.gov/osa/hsrb. You may also contact the HSRB Designated Federal Officer, via e-72 

mail at ord-osa-hsrb@epa.gov  73 

 74 

In preparing this document, the Board carefully considered all information provided and 75 

presented by the Agency presenters, as well as information presented by public commenters. 76 

This document addresses the information provided and presented within the structure of the 77 

charge by the Agency. 78 
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INTRODUCTION 133 

 134 

On January 17, 2013, the United States Environmental Protection Agency’s (EPA or 135 

Agency) Human Studies Review Board (HSRB) met to address the scientific and ethical charge 136 

questions related to one completed study; namely, a study of the Antimicrobial Exposure 137 

Assessment Task Force II (AEATF) scenario to determine dermal and inhalation exposures 138 

associated with the manual pouring of liquid antimicrobial products (AEA-05). 139 

 140 

REVIEW PROCESS  141 

 142 

On January 17, 2013, the Board conducted a public face-to-face meeting in Arlington, 143 

Virginia. Advance notice of the meeting was published in the Federal Register as “Human 144 

Studies Review Board; Notice of Public Meeting” (76 Federal Register 187, 59697).  145 

 146 

Following welcoming remarks from Agency officials, the Board heard presentations from 147 

EPA on the following topic: the Antimicrobial Exposure Assessment Task Force II (AEATF) 148 

scenario to determine dermal and inhalation exposures associated with the manual pouring of 149 

liquid antimicrobial products (AEA-05). 150 

 151 

The Board asked the Agency presenters clarifying questions about scientific aspects of 152 

the study.     153 

 154 

Public oral comments, including clarifications about the study conduct, were provided by: 155 

 156 

Ms. Leah Rosenheck, President, LR Risk Consulting, Inc. (representing the 157 

Antimicrobial Exposure Assessment Task Force II)  158 

 159 

No written public comments were submitted.  160 

 161 

For their evaluation and discussion, the Board considered materials presented at the 162 

meeting, oral comments, and Agency background documents (e.g., the proposed study protocol; 163 

AEATF governing documents; standard operating procedures; institutional review board 164 

documentation; the HSRB’s final report following its October 19, 2011, review of the protocol; 165 

AEATF’s final report, tables, statistical analyses and SAS code for the study; and the Agency’s 166 

science and ethics reviews of the completed study). A comprehensive list of background 167 

documents is available online at http://www.epa.gov/hsrb/.  168 

 169 

CHARGE TO THE BOARD AND BOARD RESPONSE 170 

Assessment of Proposed AEATF Research Study AEA05: A Study for Measurement of Potential 171 

Dermal and Inhalation Exposure During Manual Pouring of a Liquid Containing an 172 

Antimicrobial.  173 

 174 

Overview of the Study  175 

 176 

http://www.epa.gov/hsrb/
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AEATF II’s liquid pour study (AEA-05) was designed to measure dermal and inhalation 177 

exposures to workers and consumers when they manually pour liquid antimicrobial products 178 

from and into a variety of commonly used containers in differing scenarios (e.g., various heights, 179 

pre-measured or not).  Specifically, the AEATF sought to develop unit exposures (UEs) for 180 

conventional pour (CP) and reduced splash (RS) source containers.  The Agency plans to use the 181 

resulting data in exposure algorithms to estimate human exposures from pouring liquid 182 

antimicrobial products in diverse settings. 183 

The protocol for this completed study was reviewed by the EPA and then on October 19, 184 

2011, by the HSRB.  Following recommendations of the Agency and the HSRB, the protocol 185 

was revised by the sponsors and approved by the Independent Investigational Review Board, 186 

Inc., (IIRB).   187 

In January and February 2012, the sponsors used notices in two local newspapers and one 188 

regional bilingual publication to recruit professional janitorial workers.  After screening 189 

respondents and obtaining informed consent, 22 people were enrolled in the study; 18 were study 190 

participants and four were alternates.  No persons under age 18 and no pregnant or nursing 191 

women participated in this study.  192 

From February 16 - 22, 2012, the study was conducted in two equal-sized rooms at a 193 

laboratory in Concord, Ohio.  Two low-volatility active ingredients, ADBAC (N-alkyl dimethyl 194 

benzyl ammonium chloride; Maquat DS 1412-10%) and DDAC (didecyl dimethyl ammonium 195 

chloride; Maquat WP), were used in the RS and CP scenarios respectively.  Participants were 196 

randomized to pour first from one type of source container (holding from 24 ounces to 5 gallons) 197 

into various receiving containers (from 2- to 50-gallon sizes).  They were randomly assigned to 198 

pour different amounts of each substance (e.g., from 40 ounces to 20 gallons in the CP scenario, 199 

and from 60 ounces to 30 gallons in the RS scenario) and instructed to pour the liquids as they 200 

normally would.  Each of the 18 participants poured the two substances sequentially for a total of 201 

36 Monitoring Events (MEs).  The amount poured was measured by weighing the containers 202 

before and after each ME.  Participants were observed during the MEs; i.e., staff recorded 203 

environmental conditions, notable activities and events and took photos and videos during each 204 

ME.  Participants wore two whole-body dosimeters (WBD) (a one-piece inner WBD and a long-205 

sleeved shirt and long pants for the outer WBD); these were sectioned into 8 specified pieces for 206 

separate analysis.  Hand washes and face and neck wipes were also used to assess dermal 207 

exposures to unclothed portions of the body.   All participants wore safety glasses, but no 208 

participants wore gloves during the MEs.  Each participant’s breathing zone inhalation exposure 209 

was measured using an OSHA Versatile Sampler (OVS) tube attached to his/her shirt collar and 210 

linked to a personal sampling pump.   211 

Unit Exposures (i.e., expected external exposures) were normalized to pounds active 212 

ingredient handled (AaiH).  Statistical analyses were conducted in SAS using three modeling 213 
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methods: empirical simple random sampling, lognormal simple random sampling, and lognormal 214 

mixed models.   215 

The sponsors found that pouring liquids into spray bottles resulted in the highest levels of 216 

dermal exposure, due to drips and spills; consequently, the AaiH:exposure relationship was not 217 

log-log-linear.  Nearly half of the inhalation exposures were below the limit of quantification 218 

(LOQ); the RS containers typically resulted in lower values.  The study design yielded data 219 

which met the 3-fold accuracy criterion, except for the spray bottles (k=3.6). 220 

The Agency concluded that the results may be used for assessing exposures related to 221 

labeled uses of liquid pesticides that require open pouring. 222 

Science  223 
 224 

Charge to the Board 225 

 Was the research reported in the Antimicrobial Exposure Assessment Task Force II 226 

(AEATF) completed liquid pour study report faithful to the design and objectives of the 227 

protocol and governing documents of AEATF?  228 

 Has EPA adequately characterized, from a scientific perspective, the limitations on these 229 

data that should be considered when using the data in estimating the exposure of people 230 

who pour liquid antimicrobial pesticide products?  231 

Board Response to the Charge 232 

 233 

 HSRB Recommendation  234 

 235 

 In response to the first question, the Board agreed with the Agency’s conclusion that the 236 

completed liquid pour study was conducted in a manner faithful to the design and 237 

objectives of the amended protocol and governing documents of AEATF. 238 

 The Board determined that the Agency identified and adequately characterized some, not 239 

all, of the limitations that should be considered when using the data in estimating the 240 

exposure of people who pour liquid antimicrobial pesticide products.  Additional 241 

limitations, statistical analyses and technical recommendations merit attention before the 242 

data are used in exposure algorithms for estimating human exposures.  243 

HSRB Detailed Recommendations and Rationale 244 

The study report is well-documented with useful observational notes.  While the 245 

justification to split out the spray bottles as a separate scenario was not explained clearly, the 246 

HSRB agrees with the logic of the decision. 247 
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During deliberation of additional limitations and technical and statistical concerns, the 248 

HSRB suggested a number of methods which could be used to strengthen the study analysis and 249 

maximize the appropriate future use of the data in exposure algorithms.  Although the following 250 

comments may appear extensive, many have both positive and negative impacts on how these 251 

data might be used or interpreted. 252 

1. Limitations 253 

The Board agrees with most of the Agency-identified limitations that should be 254 

considered when using the data in estimating the exposure of people who pour liquid 255 

antimicrobial pesticide products; however, it has numerous science-based comments and 256 

additions.  The first seven bullets refer to the limitations listed by the Agency as a series of eight 257 

"items" (Leighton and Cohen, EPA Science Review, 2012, 45-47).    258 

o The first part of item #2 (Leighton and Cohen, EPA Science Review, 2012, 46) discusses 259 

the study design limitation imposed by using only occupational workers; i.e., custodians 260 

or janitors.  The Board does not fully support the Agency's conclusion that the fact that 261 

"the test subjects spilled the product on their hands when performing their pouring tasks 262 

indicated that perhaps pouring liquids is not an experienced-based skill."  Notes in the 263 

Observations of Monitoring Events indicate that many of the handlers (8 out of 18 for ≈ 264 

44%) changed their procedures as they progressed in their assigned task in ways that 265 

reduced further dripping of the product onto the outside of the product and/or receiving 266 

container (Rosenheck, Final Report (AEA-05), 2012, 164-199) .  This observation (along 267 

with the fact that 5 of these 8 changes were noted on the subject's second of two MEs) 268 

suggests that the participants’ prior work "experience" was not as strong a factor in their 269 

handling of their assigned containers as the selection criteria might suggest.
1
  However, 270 

these observations also suggest that the exposures measured on these occupational 271 

workers may not be as different from residential users as was suggested during the 272 

Board's protocol review (HSRB, October 2011 Meeting Report, 12-13).   273 

 274 

o Another limitation, indirectly related to the first part of item #2 (Leighton and Cohen, 275 

EPA Science Review, 2012, 46), is that the repeated exposures to containers contaminated 276 

by previous spillage (as allowed by the study design) may have resulted in dermal 277 

exposures much greater than expected for a more typical task of pouring into spray 278 

bottles once-daily.  The reason for this suggestion is that the protocol called for pouring 279 

from the same product container (and measuring cup, when applicable) to fill multiple 280 

(10 or 15) spray bottles, which occurred within a short time (13 to 22 minutes).  While 281 

Table 6 of the Final Report indicates that virtually all of these particular custodial 282 

                                                           
1
 A statistical exploration of the correlation between the handler’s work experience, expressed as either years or 

frequency of liquid disinfection (Rosenheck, Final Report (AEA-05), 2012, 84), and the observation that an 

individual changed his/her work practice might (or might not) be enlightening on this point.   
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workers poured a liquid disinfectant at least weekly (with about 70% listed as daily) 283 

(Rosenheck, Final Report (AEA-05), 2012, 84),  it seems unlikely that in their normal 284 

work they would fill so many spray bottles in such rapid succession.  In the time between 285 

their more normal occupational fillings, the liquid that dripped down the side of a 286 

container during one filling session would have either been rinsed off, wiped off, or had a 287 

chance to dry before the next session started.  In the opinion of the Board, based on both 288 

past experience with liquid exposure studies and physical principles, liquid ingredients on 289 

the surface of a container would transfer to a handler's skin much more readily than 290 

would a dried residue.  Neither drying nor wiping was allowed within the approved 291 

protocol.  While the use and storage of a rag used to wipe the drips would have been a 292 

new variable, the resulting exposures as tested were almost certainly larger than would 293 

result from normal daily uses in either an occupational or a residential setting. 294 

 295 

The Board recommends that the registrants and Agency take note of the success of some 296 

participants in evolving their work practices, thereby reducing their dripping and 297 

splashing.  Should the need arise in the future to reduce dermal exposures, both better 298 

label instructions to improve work practices and better container designs to reduce 299 

dripping could be explored to reduce exposures more consistently, not only while filling 300 

spray bottles but also for other pour scenarios. 301 

 302 

o The second part of item #2 stated that “also part of the [study] design limitation was the 303 

fact that the study was conducted indoors” (Leighton and Cohen, EPA Science Review, 304 

2012, 46). The Board noted in their review of these protocols that outdoor exposures 305 

might be larger; “Air velocity [from wind] outdoors is likely to be more variable 306 

(particularly on the high-end) than indoors” (HSRB, October 2011 Meeting Report, 12).  307 

Discussion at the meeting did not support the subsequent AEATF's response that 308 

"Exposure data indicate that the handling and use of chemicals indoors tend to result in 309 

higher exposures than outdoors due to the restricted potential for dilution of airborne 310 

residues" (Leighton and Cohen, EPA Science Review, 2012, 7).   In the opinion of the 311 

Board, at least peak exposures outdoors may be larger than doing the same task indoors 312 

due to differences in both airflow patterns related to wind outdoors and psychological 313 

factors causing less of a concern for drips and spills outdoors than indoors. 314 

 315 

o Item #2 did not mention a lack of information within the study report on ventilation 316 

velocity or handler orientation within that airflow (Leighton and Cohen, EPA Science 317 

Review, 2012, 46).  The HSRB's review of these protocols stated “... the focus of interest 318 

in ventilation should be on the local air flow between the pouring operation (the source of 319 

exposure) and the handler.”  Further, the Board suggested that “...at the very least, that 320 

pattern should be measured before and/or after exposures and the orientation between the 321 

source and each handler should be documented for each ME. Alternatively, the room’s 322 
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setup and the orientation between the source and handler could be varied (e.g., rotated 323 

90°) either within or among MEs” (HSRB, October 2011 Meeting Report, 11).  The 324 

AEATF's response indicates in part that "More details about how the airflow will be 325 

measured will be included in the protocol" and “...the orientation of each test subject in 326 

the room with respect to the direction of air flow and the containers he is pouring will be 327 

documented” ((Leighton and Cohen, EPA Science Review, 2012, 9).  While the room 328 

diagrams and photos in the AEATF final report provide some constraints and examples 329 

(respectively) of the orientation within the room (Rosenheck, Final Report (AEA-05), 330 

2012, 151-153), the report did not contain any details regarding either the airflow 331 

velocity or the orientation of individual handlers.
2
  Thus, the Agency is unable to evaluate 332 

the potential for a consistent airflow direction or orientation to have caused the average 333 

inhalation route to be either higher or lower than would have been caused by random or 334 

variable airflows.  Conversely, if the ventilation systems in the test facilities have not 335 

been modified since the exposure tests were conducted, it may still be possible (even at 336 

this late date) to conduct velocity measurements for insight into the flow within the test 337 

rooms and to take photos representative of the handler’s orientation. 338 

 339 

o Item #6 states in part that "the small sample size by itself does not create statistical 340 

limitations" and that "a notable exception is for the dermal exposure summary statistics 341 

for scenario 1a, pouring into spray bottles" (Leighton and Cohen, EPA Science Review, 342 

2012, 46).   The implication is that the large relative accuracy for this latter scenario is 343 

due to its small sample size.  The Board suggested two alternative causes for the large 344 

relative accuracy of scenario 1a (i.e., an fRA (fold relative accuracy) of 3.6 for the spray 345 

bottle).  346 

 347 

 The first alternative suggestion relates to the very narrow range of AaiH values 348 

engendered by not anticipating within the original protocol a desire to isolate a 349 

unit exposure value for the pouring task using a measuring cup.  The range of the 350 

six AaiHs while pouring into spray bottles via measuring cups was only 1.3x 351 

(ratio of highest to lowest), i.e., the amounts handled were virtually the same.  In 352 

contrast, the range of AaiHs was 6.9x for the AaiH of all other conventional pours 353 

and 4.2x for all other reduced splash pours.
3
  Thus, even if the sample size had 354 

been three or four times larger, the ex post facto study design for spray bottles had 355 

very limited power to obtain an fRA within 3-fold. 356 

 357 

                                                           
2
  The air changes per hour [ACH] that were measured do not provide air velocity information, although the 

Board agrees with the statement made in item #8 that "the ACH rate is not expected to have a substantial 

impact on the air concentrations monitored."   
3
  The corresponding ranges of the "dependent variables" for regression testing (i.e., the total dose in mg) were 

10x, 71x, and 141x.   
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 The second alternative cause for the large relative accuracy of the spray bottle 358 

scenario relates to a key concept for unit exposure values within such studies.  359 

When the concentration of the active ingredient (ai) within the test material that 360 

each ME was handling is similar or virtually equal (as in this study and virtually 361 

all other studies of this nature), a range of AaiHs could only have been achieved 362 

by varying the volume of test material that each ME handled, and handling a 363 

larger volume generally would require a longer handling time.  Thus, an implicit 364 

(but unstated) assumption when expecting to find a correlation between AaiH and 365 

exposure to test materials of nearly equal concentration is that the exposure rate is 366 

constant throughout the handling time.  At least two of the previous comments 367 

herein (viz., changes in work practices and in the accumulation of drips and spills) 368 

suggest that such an assumption is invalid within this study.  Thus, the high fRA 369 

could simply be the result of changes in the individual handlers’ rates of exposure 370 

over the duration of the exposure time. 371 

 372 

o The first part of item #7 describes the Agency's desire to continue using exposures 373 

normalized by AaiH as a default condition despite the results herein in which dermal 374 

exposures are not proportional with AaiH (Leighton and Cohen, EPA Science Review, 375 

2012, 47).   The Board concurs with the scientific validity of extrapolating unit exposure 376 

values on the basis of concentration and points out that the lack of "log-log linearity" of 377 

exposure with AaiH based on handling different volumes of the same concentration of 378 

test material (as shown by studies such as this completed study) should not be taken as 379 

evidence that weakens the applicability of unit exposures to extrapolate on the basis of 380 

different concentrations within the test material.  381 

 382 

The Agency asserts that, since regulation occurs at high AaiH, use of an estimator that 383 

under-predicts exposure at low AaiH and over-predicts exposure at high AaiH is 384 

conservative (Leighton and Cohen, EPA Science Review, 2012, 47).   However, it is not 385 

clear whether this linear default assumption will only be applied at high usage.  The 386 

adopted unit exposures might in the future be applied in non-occupational scenarios.  The 387 

lowest threshold (breakpoint between under- and over-prediction) is on the order of 0.004 388 

pounds ai handled for the spray bottle filling case (Leighton and Cohen, EPA Science 389 

Review, 40 [Figure 8]).  At 0.19% solution strength, this represents a little more than 32 390 

ounces of stock solution.  Since a non-occupational spray bottle filling scenario would be 391 

very unlikely to ever involve the use of that much stock solution, all applications of the 392 

unit exposures in non-occupational settings could be expected to lead to under-prediction 393 

of exposure.
4
  The Board recommends that the Agency insert language to preclude 394 

default non-conservatism in non-occupational settings.   395 

                                                           
4
 The conventional pour and reduced splash pour cases have much higher thresholds, so the problem occurs there 

also. 
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 396 

o Item #7 also states that "The study could not be designed to vary the concentration of ai 397 

to further investigate this assumption because higher concentrations of ai would require 398 

the use of chemical resistant gloves" (Leighton and Cohen, EPA Science Review, 2012, 399 

47).   In the Board's review of the protocol (HSRB, October 2011 Meeting Report, 11), it 400 

agreed with that statement.  However, with the results now in hand, this rationale is no 401 

longer completely valid.  We now know that the hand doses while pouring are so high 402 

that the concentration could be reduced by at least 10x, perhaps up to 100x, and still yield 403 

consistently measurable exposures on the hands.  Thus, in the event that more exposure 404 

data when filling spray bottles is desired at some time in the future, the concentration 405 

could easily be lowered to increase the range of AaiH values independent of handling 406 

time. 407 

 408 

o Concerns were raised about lumping of hand and non-hand exposures for reasons over 409 

and above statistical dissimilarities between the respective data sets.  EPA has 410 

traditionally assumed that a fixed fraction of material reaching the skin will be absorbed; 411 

however, the Board asserts that this is a very poor assumption.  Absorption varies with 412 

both loading conditions and time of exposure.  Hands are subject to higher gross loads 413 

and more frequent washing than are other body parts.  Current domination of dermal 414 

exposure by the hands might be partially mitigated if absorbed doses were calculated 415 

separately. 416 

 417 

2. Technical issues 418 

 419 

The Board identified two technical issues for the Agency to consider.  These relate to the 420 

inhalation data and may not have a substantial impact on the study’s overall outcome. 421 

 422 

o A statement in item #8 that pouring comprises a "relatively low aerosol generating 423 

application" (Leighton and Cohen, EPA Science Review, 2012, 47) may be true, but it 424 

overlooks a potentially useful aspect of the AEATF inhalation data.  Specifically, the 425 

AEATF data contains evidence that filling containers without using a measuring cup may 426 

have generated enough aerosols to explain the differences between airborne exposures 427 

while pouring from CP containers versus pouring from RS containers; such differences 428 

were not seen while filling spray bottles.  Both the differences of nearly 4x in the 429 

inhalation unit concentration values (0.015 / 0.0044 mg/m
3
/lb ai) and over 4x in 430 

concentration without accounting for AaiH (3.5 / 0.82 μg/m
3
) (Leighton and Cohen, EPA 431 

Science Review, 2012, 27) were significantly different from 1 at p ≈ 0.01 in t-tests 432 

conducted by a Board member.
5
  The difference between CP and RS containers observed 433 

                                                           
5
 This difference is consistent with the documented differences between "splash loading" and "submerged loading" 

of petroleum tank cars (EPA (OAQPS), Compilation of Air Pollutant Emission Factors, 1995, vol. 1, AP42, Section 
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in the manual pouring scenario may be attributable to aerosols formed either from the 434 

“glugs” or/and from the fall of the liquid impacting on a surface inside the receiving 435 

container.  However, because of the small doses via the inhalation route relative to the 436 

dermal route, these differences had virtually no impact in the overall results. 437 

 438 

o The respiration rate of 1 m
3
/hr = 16.7 L/min (Leighton and Cohen, EPA Science Review, 439 

2012, 3 and 22) is potentially too low for Groups 2 and 3 within this scenario by as much 440 

as 60%.   Just the liquid alone in the largest containers handled by Group 2 weighed over 441 

16 lbs; and the liquid in the 5 gallon containers in Group 3 weighed 41 lbs.  Pouring 442 

multiple containers weighing this much often within 3 to 17 minutes implies a metabolic 443 

work rate beyond "light."  If Group 3 were classified as “moderate,” their inhalation rates 444 

would be 1.6 m
3
/hr for males and females combined, as shown in a recent EPA handbook 445 

(EPA, ORD. Exposure Factors Handbook, 2011, pp. 6-4 to 6-6 [Table 6-2]). 446 

 447 

3. Statistical analysis 448 

The statistical analysis of the data for this scenario raises some concerns that limit the 449 

study’s utility.  Five specific areas should be addressed: imputation, the arithmetic mean, q-q 450 

plots, non-constant variances, and slopes outside the range [0, 1].  An additional concern is the 451 

presentation of numerous analyses, none of which adequately represent the true design of the 452 

study.  Some of the results are concerning.  However, if the issues arising from the statistical 453 

analysis are fully addressed, some of the Board’s concerns might be removed. 454 

o All methods associated with imputation should be reviewed.  The need for imputation 455 

results from a response falling below the detection limit.  Although 0, half the detection 456 

limit and the detection limit are common approaches to imputation, maximum likelihood 457 

estimation is widely recognized as a better approach (Helsel, Nondetects and Data 458 

Analysis, 2005).  The HSRB commends the Agency for moving in this direction. The 459 

correlation structure induced by having each worker pour from both a conventional and a 460 

reduced-splash container, as well as multiple exposure measurements taken at the time of 461 

each event, is particularly noteworthy.  However, the purpose of generating five sets is to 462 

reflect the variability in the possible responses falling below the detection limit.  If a 463 

single value is imputed, then the analysis reflects the variability in the data, but it fails to 464 

reflect the additional uncertainty associated with imputing a value. Consequently, the 465 

measures of variance would be biased toward zero.  By averaging the five imputed values 466 

for each non-detect, as was done in the analysis of this completed study, the imputed 467 

values have less variability than the individual values, leading to a more biased variance 468 

than would have been the case had a single value been imputed.  The Board recommends 469 

                                                                                                                                                                                           
5.2.2.1.1 and Figure 5.2-2).  In the tank car filling scenario, more aerosol droplets are generated when the liquid is 

free to fall into the receiving container versus when the end of the pipe outlet is submerged under the receiving 

liquid's surface.   

Comment [w1]: Shouldn’t this read “had five 
individual values been imputed.” ? 
 

Comment [RP2]: Jim – Do not change this.  It is 
written exactly as Linda submitted it.   
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that the analysis use the five sets of values to fully capture the variability.  Conduct an 470 

analysis for each data set, and average the results, with the exception of the variance.  471 

The variance is the pooled estimate of the within dataset variation plus the variation 472 

among the imputed values.  The standard error is then the square root of the variance 473 

(Rubin, Multiple Imputation for Nonresponse in Surveys, John Wiley & Sons, 1987).
6
   474 

 475 

o In Appendix A of EPA’s Science Review, the association between the geometric mean 476 

and the arithmetic mean is discussed (Leighton and Cohen, EPA Science Review, 2012, 477 

Appendix A, 36).  In the derivation, it is incorrectly assumed that the errors are constant.  478 

Both the pounds of active ingredient (ai) and the error differ with each observation, 479 

unlike the intercept and slope, which are constants.  A Taylor series expansion could be 480 

used to derive an approximate relationship between the two.  However, the derivation of 481 

which the Board members are aware does not consider the more complex setting 482 

involving a variance component, much less the two that are presented in this study (one 483 

for worker and one for the error of the model).  It is not clear that the same association 484 

between the geometric mean and arithmetic mean would hold for this more complex 485 

model.  This should be carefully considered and the approach justified or an appropriate 486 

reference given. 487 

 488 

Even if the association between the geometric mean and the arithmetic mean can be 489 

determined for this setting, the Board questions whether the arithmetic mean has value.  490 

Identifying the center of the distribution of values is the key issue.  Sometimes the 491 

arithmetic mean provides the best estimate of the center, sometimes the median provides 492 

the best estimate of the center, and sometimes the geometric mean provides the best 493 

estimate of the center.  The HSRB believes that, for these kinds of studies, geometric 494 

means provide the best estimates of the centers of the distributions being sampled.  495 

Furthermore, when a logarithmic transformation is used so that the assumptions 496 

associated with linear regression are more nearly met, as is the case here, a geometric 497 

mean is widely considered a better measure of the center of the distribution.  The 95
th

 498 

percentile of the distribution, which is another metric of interest, allows an assessment of 499 

the extreme values.  While it is true that the arithmetic mean is the most commonly used 500 

measure of the center of a distribution, it is not as appropriate here.  The Agency should 501 

consider carefully what additional information, if any, it is providing.  If only the 502 

geometric mean and the 95
th

 percentile of the distribution are needed, then confidence 503 

intervals can be established on the log-log scale, and the endpoints back-transformed to 504 

obtain confidence intervals in the original scale.
7
 505 

                                                           
6
 It is not necessary to use a Bayesian framework to properly account for these sources of variation. 

7
 Back-transforming confidence interval endpoints result in confidence intervals with the desired level of coverage.  

Back-transforming the mean and the variance, and then setting the confidence interval on the original scale, does not 

produce confidence intervals with the desired level of coverage. 
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 506 

o The use of q-q (or quantile-quantile) plots is a good approach for assessing the validity of 507 

the assumption of normality of the residuals.  In Figure 1, the q-q plot is for the response 508 

and not the residuals (Leighton and Cohen, EPA Science Review, 2012, Appendix A, 28).  509 

This causes problems because the mean is not constant, but instead differs with the group.  510 

In addition, there are two, not one, variance components, each of which is assumed to be 511 

normally distributed with a mean of 0 but different variances.  Thus, the q-q plots 512 

presented are not for a single distribution but, instead, for a mixture of distributions with 513 

differing means and variances.  514 

 515 

o The variances quite clearly differed with the group (bottle, CP and RS containers).  516 

Although this is discussed, the primary analysis does not seem to account for differences 517 

in variances, which require the weight statement in SAS’s Mixed procedure.  Once the 518 

within-group variances have been found to be significantly different, all analyses moving 519 

forward should account for those differences. 520 

 521 

The proper analysis is a mixed model analysis with subsamples and unequal variances.  522 

Based on the documents and SAS code provided, it is not evident that this is the final 523 

model being used.
8
 524 

 525 

o The estimated slope was negative for all dermal exposure scenarios, although in no case 526 

was the slope significantly different from zero.  This raised concerns because it is 527 

expected that exposure will increase as the amount of active ingredient handled increases, 528 

and a slope of zero implies that the exposure is independent of the amount handled.  Yet, 529 

this is the second study for which this concern has arisen.  When the Board considered 530 

closed cabs, the accidental exposure from touching contaminated surfaces led to a 531 

constant exposure (HSRB Meeting Report, January 2011, 21).  In this completed liquid 532 

pour study, spills on the hands resulted in approximately constant exposure.  Although it 533 

is true that one cannot conclude that either the slope is negative or zero, one can also not 534 

conclude it is greater than zero from these data.  Elsewhere in the report of the completed 535 

study, reasons that the slope may truly be negative are explored (Leighton and Cohen, 536 

Science Review, 2012, pp.35 and 47).  If, after considering these, it is determined that the 537 

slope should not be negative, perhaps consideration should be given to analyzing the 538 

exposure to the hands separately from exposure to the rest of the body.  For the hands, 539 

exposure being independent of AaiH may be reasonable because the primary exposure is 540 

from accidental actions.  For the rest of the body, the assumption of proportionality may 541 

be reasonable. 542 

 543 

                                                           
8
 The subsamples appear to be accounted for as repeated measures.  Care needs to be taken to ensure that the two 

models are equivalent. 
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A similar concern should be addressed when estimated slopes are greater than one.  A 544 

principled approach to handling these cases should be adopted. 545 

 546 

o Finally, numerous analyses are presented.  One analysis is based on simple random 547 

sampling, but the design was not one of simple random sampling.  Another analysis 548 

ignored the correlation of observations from the same worker.  No analysis reflected the 549 

true design of the study, which includes clusters of MEs, variability due to workers, 550 

group associated with the type of container, and subsamples from the same worker.  For 551 

some analyses, means were allowed to differ with group, but not in others.  For some, 552 

variances were allowed to differ, but not in the primary analysis.  It is important to 553 

consider competing models and to make readers aware that these alternatives were 554 

considered. However, in the end, it should be clear which model was used and why.  For 555 

this scenario, it is important to account for the correlation among observations from the 556 

same worker, to account for differences in the means, to allow for different variances, 557 

and to justify failure to account for variation due to clusters of MEs.  Enough should be 558 

presented to show when a model has been simplified or additional complexity is 559 

presented.  Adding full analyses that are later found not to be appropriate makes the 560 

document more challenging to read and may lead to the use of an inappropriate model.  561 

Ethics  562 
 563 

Charge to the Board  564 

 565 

 Does available information support a determination that the study was conducted in 566 
substantial compliance with subparts K and L of 40 CFR Part 26? 567 

 568 

Board Response to the Charge 569 

  570 

HSRB Recommendation  571 

 572 

 The Board concurred with the Agency’s assessment (Leighton, Cohen, October, 9 2012; 573 

Sherman, October, 9 2012) that the proposed research is likely to meet the applicable 574 

requirements of 40 CFR part 26, subparts K and L. 575 

 576 

HSRB Detailed Recommendations and Rationale 577 

The Board concurred with the ethics analysis of the proposed study, as detailed in the 578 

EPA’s Ethics Review (Sherman, EPA Ethics Review, 2012) and summarized briefly below.  579 

 580 

1. Societal Value of Proposed Research 581 

 582 
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o The purpose of the completed monitoring study was to determine potential dermal 583 

and inhalation exposures to occupational workers and consumers associated with 584 

the manual pouring of liquid antimicrobial products.  585 

o Because many consumers and workers pour antimicrobial products, the research 586 

question was important; it could not be answered with confidence without new 587 

monitoring data meeting contemporary standards of quality and reliability.  588 

 589 

2. Subject Selection 590 

 591 

o The inclusion/exclusion criteria were complete and appropriate.  592 

o Pregnant or nursing women were excluded from participation.  593 

o Employees or relatives of employees of the investigators and of cleaning product 594 

manufacturers were also excluded from participation. (One subject was deemed 595 

ineligible because he was the spouse of an employee of Ricerca Biosciences LLC, 596 

the facility where the research was conducted.) 597 

o Protections were adequate. 598 

o Recruitment materials and interactions with potential subjects were language-599 

appropriate.  600 

o Subjects were recruited through newspaper advertisements, not through employers, 601 

which minimized the potential for coercion or undue influence.  602 

 603 

3. Risks to Subjects 604 

 605 

o The proposed test materials were EPA-registered for the use proposed, were of low 606 

toxicity to mammals, and were used in full compliance with the approved labels.  607 

o All identified risks were characterized as of low probability.  608 

o Risks were minimized by exclusion of candidates known to be sensitive to 609 

quaternary ammonium compounds or in poor health or with broken skin on hands, 610 

face, or neck; testing in a controlled-temperature environment; alerting subjects to 611 

signs and symptoms of heat stress; monitoring heat index with associated stopping 612 

rules; allowing subjects to rest whenever they want or need to; close observation of 613 

subjects; training of experienced technicians to minimize embarrassment; 614 

incorporation of procedures to keep results of pregnancy testing private and to 615 

permit discrete withdrawal; provision of appropriate work clothing and PPE.  616 

o There were no reported or reserved adverse reactions. 617 

 618 

4. Benefits 619 

 620 

o This research offered no direct benefits to the subjects.  621 

o The research is likely to provide reliable data about the dermal and inhalation 622 

exposure of people pouring liquid antimicrobial products from conventional and 623 

reduced-splash containers.  624 

o These data can likely be used by EPA and other regulatory agencies to support 625 

exposure assessments for a wide variety of antimicrobial products and their uses.  626 

 627 
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5. Risk/Benefit Balance 628 

 629 

o Risks to subjects were thoughtfully and thoroughly minimized in the design of the 630 

research.  631 

o The low residual risk was reasonable, in light of the likely benefits to society from 632 

new data supporting more accurate exposure assessments for antimicrobial 633 

products.  634 

 635 

6. Independent Ethics Review 636 

 637 

o The proposed research was reviewed and approved by the Independent 638 

Investigational Review Board, Inc., (IIRB) of Plantation Florida.  639 

o The submitted materials included a full record of correspondence between the 640 

investigators and the IIRB.  641 

 642 

7. Informed Consent 643 

o Informed consent was obtained from each prospective subject and appropriately 644 

documented in the language preferred by the subject.  645 

o The proposed monetary compensation was not so high as to unduly influence 646 

participation. 647 

 648 

8. Respect for Subjects 649 

 650 

o Subject-identifying information was recorded only once; all subsequent data records 651 

and reports refer to individual subjects only by a randomly selected code.  652 

o Provision was made for discrete handling of the pregnancy testing required of 653 

female subjects on the day of testing.  654 

o Candidates and subjects were free to decline to participate or to withdraw at any 655 

time for any reason, without penalty.  656 
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